Abstract
I. Introduction
Spin-glass (SG) systems are examples of frustrated magnetism and have attracted much interest as they exhibit a wide range of interesting physical phenomena, such as historydependence and divergent nonlinear magnetic susceptibilities. [1] [2] [3] Typically, the combination of competing exchange interactions and either site or bond disorder leads to an SG state. However, in some stoichiometric intermetallic compounds, such as PrAu 2 Si 2 4 and PrRuSi 3 5 , which exhibit neither static disorder nor a geometrically frustrated lattice, transition to the SG state has been observed. Inelastic neutron scattering (INS) studies have shown that the SG behavior in these systems arises from dynamic fluctuations of the crystal field levels. 4 These fluctuations destabilize the induced magnetic moments and frustrate the development of long-range magnetic ordering. To date, neutron scattering has proven to be a powerful tool for elucidating the nature of static and dynamic magnetic correlations in the SG state of several disordered alloys and in geometrically frustrated compounds such as Cu x Mn 1-x , 6 Fe x Al 1-x , 7 Fe(Ni 1-x Mn x ), 8 17 . However, true XY spin glass systems are rare. The chiral-glass superconductors are close to the XY SG systems but there SG state is often referred to as orbital glass state 17, 18 because it arises due to orbital moments rather than spins. Also, Mathieu et al. report that the SG state in Pr 1-x Ca 1+x MnO 4 arises due to the presence of passive e g orbitals. 19 In the present work, we focus on an XY-like SG system (Ni 0.4 Mn 0.6 )TiO 3 (NMTO) that exhibits memory and relaxation effects and has more recently been reported to exhibit linear magnetoelectric (ME) coupling. [20] [21] [22] has a G-type magnetic structure with magnetic wave vector q= (0, 0, 0). 22, 23 MnTiO 3 reportedly exhibits ME coupling owing to its magnetic symmetry 24 and a spin-flop transition 25 . The different spin arrangements and easy axes of the parent compounds compete in the mixed compound so frustration of the exchange interactions in NMTO gives rise to its SG behavior at low temperatures. Competitions between spin anisotropies result in effective XY-easy plane anisotropy. 26, 27 In this work, x-ray diffraction, magnetization, neutron powder diffraction, elastic and inelastic neutron scattering (ENS and INS) experiments were performed on single crystal and powder samples of NMTO to elucidate the correlations and dynamics of spins in the SG state.
Single crystal x-ray diffraction verifies the high quality of the sample. Rietveld refinement of the powder x-ray diffraction pattern reveals that the sample has a single phase. 
II. Experimental
Single crystals of NMTO were prepared by the floating zone method, as described elsewhere. 20, 21 X-ray diffraction patterns were obtained using an in-house x-ray diffraction facility with Cu K α radiation. Magnetic measurements were made on the polycrystalline sample of NMTO using a superconducting quantum interference device magnetometer. Neutron powder diffraction patterns were obtained at a wavelength of 4.22 Å using the WOMBAT diffractometer at ANSTO, Australia, with a pyrolytic graphite (PG) monochromator: a Be filter was used to remove higher-order contamination. ENS and INS experiments were performed on a single crystal of NMTO on a cold neutron triple-axis spectrometer-SIKA at ANSTO, Australia
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. SIKA is equiped with a PG (002) monochromator and analyzer. For the current experiment, SIKA run in a constant E f mode, with 40'-40'-40'-40' for the pre-mono, pre-sample, pre-analyzer and pre-detector collimators, respectively. Some of the data were collected at a constant E f = 5.5 meV with a PG filter. Other data were measured by using a cooled Be-filter at E f = 3.7 meV. Both PG filter and Be filter were used in order to suppress the high order contamination. The temperature of the sample was controlled using a standard cryogenic He orange cryostat. Rietveld refinements of the x-ray powder diffraction data were carried out using the FULLPROF software suite.
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III. Results and discussion
Rietveld analysis of the x-ray powder diffraction pattern that was obtained at room temperature was carried out with R 3 space group model and presented in Fig Figure   4 (a) reveals that the inter-plane/layer ξ exceeds the distance between the neighboring Mn/Ni layers (c/3= 4.7066Å). Generally, a small ξ corresponds to the nanometer-scale spin clusters. [7] [8] [9] These features further indicate that the magnetic spin-spin correlations are quasi 2D. 11 The insets comparable to those of typical SG systems. [1] [2] [3] 35 However, the abrupt increase in the intensity of the elastic Gaussian component as the temperature falls below 12 K reveals that there are two magnetic contributions in the NMTO: first, short-range spin correlations give rise to QENS and can be described using a Lorentzian function and second, a slower component that appears static within our instrumental resolution can be described using the Gaussian function. 6, 10, 11 As mentioned above, the magnetic structure of NiTiO 3 is A-type and its spin arrangement is ferromagnetic in the hexagonal c-layer, but adjacent layers are coupled antiferromagnetically.
In contrast, the magnetic structure of MnTiO 3 is G-type, and the spin ordering is antiferromagnetic in both inter-and intra-layer directions. The different spin arrangements of the parent compounds compete in the mixed compound so frustration of the exchange interactions in NMTO gives rise to SG behavior at low temperatures. Meanwhile, as discussed in the introduction, the SG state can arise from a combination of frustration of long-range magnetic interactions and chemical disorder. . Accordingly, the electronic and orbital properties at the Ni 2+ and Mn 2+ sites of NMTO at/near T SG must be investigated to elucidate the critical role of bond/site disorder and orbital properties in the stabilization of the SG state in the NMTO. This issue is currently being studied using x-ray absorption/resonant inelastic x-ray scattering/soft xray scattering and will be reported elsewhere.
IV. Conclusions
In summary, a XY-like SG system, NMTO, with ME coupling was studied using various 
